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ABSTRACT
Vapor pressures for gallium acetylacetonat©, determined 
by tbs Knudsen effusion method using several cell a par 
experimental run, are reported ranging from 2*3 X 10“3 mm %  
at 100°C op to 1*34 mm Hg at 17d°C. Two crystalline fores 
of gallium acetylacetonate 9 one be log ionoclioic (the <*- fora ), 
the other orthorhombie (the 0- fern), m m  prepared— the 
manoclitiic crystals alotie and the orthorhombie in a mixture 
of the two* Attempts were then made to distinguish the vapor 
pressures of tbs two forms of the metal chelate but no 
significant differences can be reported*
From the dausiius-Clapeyron equation, a plot of In P 
vs. 1/T enables the calculation of the beat of sublimation 
which Is reported to be 30.60 t .07 beals/mole for the 
monoeltnic crystalline form*
Further thermodynamic data reported include 60 » 13.28 
keaIs/mole for the change in free energy during the sublime* 
tints process at 25°C while the value for the change in 
entropy, AS, for the same process is 38 caX#/»ole0*
VAPOR PRESSURE 
AND HEAT OF SUBLIMATION 
OP GALLIUM ACBTYLACETONATE
Khriotts metal acetylacetonate* have been studied recently to 
determine their physical and thermodynamic properties (2,3,9,12). 
this paper will attempt to add to this study by determination of 
the sublimation, or vapor, pressure of solid gallium acetylace- 
tonate, which has not previously been reported, and subsequent 
calculation of some thermodynamic quantities for the metal 
chelate*
Many solid metal acetylacetonates sublime to a vapor phase, 
rather than melting, when heat is supplied* Hie equilibrium 
pressures for many of these is less than 1*0 mi Hg alien below a 
temperature of about 150°C and because of this property, vapor 
pressure* for such, compound* can be determined using the. Knudsen 
effusion technique* Assuming ideal gas behavior was obeyed when 
considering the Individual molecules, Knudsen based his technique 
on the molecular flow of vapor through an orifice from a system 
containing the vaporising substance into a system of lower 
pressure— a vacuum generally (10)* The diameter of this orifice 
must be small in comparison to the mean free path of the mole* 
cules thus requiring low pressure* to insure long mean free 
paths* If the orifice is so large, or the 'pressure so high, 
that the mass motion of the gas occurs then the relationships 
for vapor pressure determinations are no longer valid* With
2
3these necessary stipulations, vapor pressures can he determine by 
measuring the rate of effusion of the vapor, which Knudsen ref­
lated to the vapor pressure by the equation
F * (0/At)(2irRf/*l>^
where F is the vapor pressure in dynes/cm , Q is the weight, in 
grams, of vapor effused through an orifice of area A cm and is 
calculated from the weight loss of the Knudsen cell during an 
experimental run of t seconds duration at a temperature of T°K 
for a compound of molecular weight M. R, the universal gas con­
stant, is in units of ergs/mole°K. By accumulating the constants 
and converting from dynes/cm^ to pressures in mm Hg, the follow­
ing form of the Knudsen equation was used in this work to 
calculate the vapor pressures:
P * 17.14 (G/KAt)(T/M)
Here the symbols have the same designations as above with one 
exception* the additional value, K, represent® the correction 
factor shown by Clausing(4) to be necessary when the requirement 
of a large orifice diameter in relation to the thickness of the 
orifice wall cannot be satisfied* As the thickness to orifice 
ratio, designated as 1/a, becomes significant, the resistance to 
molecular flow offered by the walls of the orifice becomes appre­
ciable and the vapor pressures determined are too low. The value 
of K, also known as the Clausing factor, has been calculated for 
different 1/a values (5); the numerical values used in the equa­
tion for this work will be discussed in a later section of this 
paper*
4from a plot of the prossors-temperature relationship found 
in the CXauaius-Ctapeyron equation# the heat of sublimation*
AH» for gallium acetylacetonats was determined and subsequently 
the change in free energy * AO* and the change in entropy.* AS* 
at 25°C for the sublimation process were calculated from thermo­
dynamic relationships discussed later with the results.
Earlier references to gallium acetylacetonate(1f8,13) report 
on the apparent dimorphism of the compound. W. T. Astbury(l) 
carried out x-ray examinations on the two crystalline forms**** 
gallium aeetylacetonate was monoclinic in form while the 
£ -gallium aeefylacatenate proved to be of the simple orthorhombie 
type* Preparations exist for the monoclinic form but not for the 
orthorhombie crystals alone. Since the two forms have similar 
physical properties* it was decided to Investigate whether or not 
differences on their respective vapor pressures existed by measur­
ing the effect of the orthorhombie crystals on the vapor pressure 
of mottoclinie crystals in a mixture of both against the vapor 
pressure of the raonoclinic crystals themselves.
DESCRIPTION OF APPARATUS AND EXPERIMENTAL PROCEDURE
I* Apparatus for Vapor Pressure Determination
The apparatus used in this experiment and diagrammed in 
Figures 1 through 3 consisted of a high speed vacuum pumping 
system, pressure gauges, a set of Knudsen cells in an aluminum 
block, a heating system and means to determine the temperature 
of the cells*
A Veeco VS-400 vacuum pumping system was used consisting 
of an oil diffusion pump with a mechanical pump producing the 
necessary forevacuum. Pressure readings were made on a Veeco 
DG2-2T Control circuit with thermocouple gauges measuring the 
foreline and mainline pressures and a high vacuum discharge 
gauge to measure the pressure in the diffusion pump area. 
Pressures from 1mm Hg down to 5X 10~6 mm Hg could be indicated 
by the gauges with the diffusion pump capable of reducing the 
internal pressure to 10 mm Hg.
Experimental runs were carried out in a bell jar 18” in 
diameter and 18” high which was supported by a metal baseplate 
connected to the top of the vacuum system.
It was thought that a higher precision could be achieved in 
vapor pressure determinations if several cells were used simul­
taneously in an experimental run at the desired temperature so a 
circular aluminum block 6%" in diameter and 2%” thick was used to
5
6Figure 1.
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Overhead View of Aluminum Block
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9support and enclose six cylindrical Knudsen cells with tightly 
fitting screw caps each of which was also made of aluminum for 
uniform thermal expansion with the block* Recent work(11) on 
Knudsen effusion has indicated that higher precision resulted from 
multiple Knudsen cell effusion than the usual case with individual 
measurements* Holes for thermometers and a thermoregulator were 
also drilled in the block which was supported above the baseplate 
by three two inch lengths of glass tubing set into the bottom of 
the block* the individual aluminum cells were 1-7/8" long with 
an external diameter of 3/4n and a wall thickness about 3/3211 *
Aluminum metal was used for cell construction as It is not porous 
to the compound studied and eliminates any weight loss due to 
volume diffusion through the walls of the cell* the cells fit 
into their respective holes snugly to insure good thermal contact 
between the block and cell but during a preliminary fun* one ceil 
seised in its hole leaving only five cells available for the 
actual experimental work.
A 3/8” diameter hole was centered through the top of each 
cell cap. The effusion orifices were drilled through circular 
discs of aluminum foil 3 mils thick which were then placed between 
the top of each cell and its cap. Effective orifice areas for 
the five foil discs used in the experiments were determined by 
superimposing the orifice on a scaled slide and projecting the 
image of the orifice on the scale onto graph paper by means of a 
slide projector. The area of the projected image was determined 
by "scissors and balance integration*” and using the magnification
10
factor of the image the a©teal orifice areas were calculated and 
are listed in Table 1. .Also shown are the ratios of thicknesses 
of the discs to the radii of the orifices which were used to 
determine the Clausing factors.(3J for the orifices*
TABLE 1 
ORIFICE DIMENSIONS
Cell Orifice .Area 1/a K
A 1.25 x lO*3 cm2 .38201 .8405
B (Ehudsen cell seised in hole and could not be used)
C 1*13 X 10~3 cm2 #335.0 .8394
D 6*08 X lO*3 cm2 .17321 .9208
8 1.27 X 10~3 cm2 ♦37899 .8416
F 6.49 X 10~3 CW2 *16763 .9232
The Individual cells were raised to the desired temperature 
by .heat conduction: from, a resistance wire around the aluminum 
block# A variable transformer adjusting the current through this 
high resistance coil was .itself switched on and off by a thermo- 
regulator set in the block and tightly wrapped with strips of 
aluminum foil for greater thermal, conductivity# to maintain the 
temperature at the proper level for the experimental run* Actual 
temperatures for the block were read from a thermometer placed 
fairly close to the ©enter of the block end also wrapped with 
aluminum foil*. The temperature for the run could be regulated by
the thermoregulator to ~ !*£ while the mercury thermometer scaled 
between -10° and +250° C could be read to t o.l°C.
To determine the degree of temperature uniformity within the 
block, each cell containing lead metal granules packed around a 
thermometer was placed in the block, the block heated and the 
system evacuated. Observation of the thermometers showed a total 
variation of 1° in temperature from cell to cell and a 2-3° range 
difference between the block and the individual cells. This 
discrepancy resulted from the poorer heat conduction in the cells 
due to the vacuum present between the granules of lead metal thus 
allowing for the lower temperature registered in the cell than 
that in the block. However, this preliminary experiment did show 
that the cells could be assumed to be uniformly heated by the 
heating system employed. For better heat conduction, the gallium 
acetylacetonate was reduced to a yellow powder of very small 
particles rather than left as granular crystals to reduce the 
space between crystals. Also the inside walls of each cell were 
lined with copper screening to facilitate heat transfer from the 
cell wall to the crystalline chelate.
12
XX* Experimental Procedure
A. Preparation of Gallium Acetylacetonate
the basis for the preparation was taken from the method of 
preparation of aluminum acetylacetonate found in the literature 
(6). two grams of the gallium metal supplied by Fischer 
Scientific Company with an assayed purity of 99*99& were slowly 
dissolved by heating and stirring in enough concentrated nitric 
acid to yield a volume of 20ml. twenty grams of acetylacetone 
dissolved in 130 ml of water by addition of ammonium hydroxide 
were combined with the previously prepared solution of the 
gallium salt. Enough ammonium hydroxide was then added until 
the precipitate ceased to form and the product when filtered and 
dried yielded 14.12 grams of crystals which melted unevenly 
above 170°C. Dissolving in benzene left 4.05 grams of insoluble 
white compound melting above 300°C and presumed to be gallium 
hydroxide while evaporation of the resulting orange benzene 
solution resulted in 9.53 grams of orange-yellow crystals melt­
ing at 198-200°C and believed to be the gallium chelate. Subli­
mation at 140°C at 1mm pressure(13) left a slight residue and 
after recrystalization of the sublimate from benzene9 7.44 grams 
of yellow gallium acetylacetonate were recovered melting at 
195-196°C. Subsequently the compound was prepared in larger 
amounts.
Two successive recrystalirations from ethanol(8) of about 
one third of the above prepared compound supplied the monoclinic
13
crystalline form of gallium acetylacetonate almost quantita­
tively# To our knowledge, there was no solvent which could yield 
the orthorhombie form exclusively and separation of the two forms 
by physical selection under a powerful microscope was not practi­
cal because of the quantities needed* The next best approach was 
to obtain a monoclinic-orthorhombic mixture by two successive 
recrystallizations in ethylacetate with another third of the 
originally prepared gallium acetylacetonate, again with practi­
cally quantitative yields(fl)*
This procedure resulted in three separate collections of 
crystals; sample 1 contained the mixture of crystalline forms 
yielded by recrystallization from benzene; sample II contained 
the ©<- or monoclinic form alone that resulted from recrystalli­
zation from ethanol; and sample III contained a mixture composed 
of orthorhombie crystals ( £ -gallium acetylacetonate) together 
with the monoclinic form from the recrystallization from ethyl;- 
acetate.
Infra Red spectra of the mixtures and monoclinic gallium 
acetylacetonate crystals alone were the same and exhibited the 
characteristic acetylacetonate peaks when compared to known 
spectra of other acetylacetona tes•
The effect of air adsorbed on the surface of the gallium 
acetylacetonate was studied to determine agitation effects from 
removal of this air during evacuation of the system# It was 
planned to observe the surface of the compound placed in a 
50 ml Brlenmeyer flask and set Inside the bell Jar to see how 
much agitation occurred as the Jar was evacuated# Then the jar
14
was to be vented and re-evacuated to notice whether any resulting 
agitation was decreased by a significant amount, the results 
were unexpectedly favorable as no agitation was observed along 
the surface of the compound, the block was then heated to 58°C 
and the compound transferred to m  open Knudsen cell which was 
placed into the heated block, the system evacuated and the sur­
face observed during the evacuation* Again no agitation was 
noticed and it was assumed that weight losses during a run would 
be due solely to effusion through the orifice, rather than force-* 
ful agitation out Of the orifice.
3« Procedure for Vapor. Pressure Determinations 
Samples of approximately two grams were used in each cell 
with two sample# from each collection of crystals used per run*
One sample would be put in a cell with a small orifice while the 
other was placed in a cell with a larger orifice* with the fused 
and thus unavailable cell 1 designated to have had a larger ori­
fice* it was -decided that only one portion from sample I would be 
used per run and the effusion would be through the smaller 
orifice* thus the three cells with the smaller orifices -(cells A* 
C and 3) would contain a sample from each of the three collections 
of crystalline forms whose vapor pressure was to be determined 
while the two cells with the larger effusion orifices (cells 0 
and F) would contain a sample of the- monoclinic crystals alone 
(sample 11) and the orthorhombic-monoclitiic mixture (sample III)* 
three considerations prompted the storing of all crystal® 
under vacuum until just before use. Firstly, gallium acetyl­
acetonate will slowly oxidise upon exposure to moist atmosphere
and thus such exposure would contaminate the sample over a period 
of time and give erroneous results* Secondly* moisture from the 
air could adhere to the crystal surface and* having a higher 
vapor pressure than that of the gallic* acetylacetonate* the 
vaporisation of this moisture would contribute additlvely to the 
total weight loss leading to high values for the vapor pressures* 
xhe third reason is perhaps the most influential on the results. 
Ihe recrystalliratlon solvent definitely adheres to the crystals 
either on the surface or trapped within the crystalline structure* 
By pumping down a desiccator jar containing the crystals and 
sealed by vacuum grease* the entrapped solvent vaporises into the 
vacuum because of its higher vapor pressure and much- of it is 
removed* Further steps during the procedure to be discussed 
shortly remove any solvent still remaining (quite a considerable 
amount still remains after storage under vacuum).
the two-gram samples were weighed out and added to the desig­
nated cells; the aluminum discs with their pre-determined ori­
fices were placed on top of the ceils and their respective cell 
caps were tightly screwed on* pressing the aluminum disc flatly 
between the top of the cell, wall and the bottom of the cell cap. 
the total weight of each cell was now recorded to- 01 milligram 
and the cell* put systematically into their positions in the 
aluminum block.
It is here that the basic procedure to be discussed below 
is carried out after certain precautions are taken with the 
fresh crystals in the cells. As mentioned earlier* solvent 
adherence to or entrapment in the crystal before the run would
16
add considerably to the weight loss of the cell and'give higher 
values for the vapor pressure, this was the case when these 
fresh crystals underwent an experimental run, were reweighed 
and underwent a second run under the exact conditions of the 
first run* the weight losses incurred in the first run were 
about four times greater than those in the second run* Cells 
containing fresh, unused crystals were placed In the aluminum 
block now heated to 90-95°C and the system evacuated and left 
with the pumps working overnight* the cells were rewsighed in 
the morning and then a run under the exact conditions of the 
previous two runs yielded results which agreed with the lower 
weight losses occurring during the second run* Unis solvent ad­
herence had a considerable effect on measurements} therefore the 
system containing the samples was pumped out overnight whenever 
new crystals were used- in the ceils* otherwise when the crystals 
were to be reused after a run* the normal operating procedure for 
an experimental run was followed and is given below*
the thermoregulator was adjusted to a temperature by heating 
it along with a. calibrated thermometer in a sand bath with a 
Bunsen burner until the level of mercury Just touched the contact 
at the desired temperature registered on the thermometer* the 
thermoregulator and thermometer were now set snuggly into the 
block after being wrapped with aluminum foil and the bell Jar 
fitted over the system*
Keeping the system at atmospheric pressure, the variable 
transformer was turned on and the block was slowly raised to 
the desired temperature* to assure temperature constancy, two
1?
cycles of the thermoregulator were observed-*-that is to say, when 
the desired temperature was reached, the level of mercury made 
contact with the wire and the current stopped* As the block 
cooled, the temperature dropped and contact was broken requiring 
additional heat through the block until that temperature was again 
reached whereupon the voltage regulator would be shut off* An* 
other cycle such as this passed before the system, was assumed 
ready to be evacuated.
While the block was heating to the temperature for the run, 
the mechanical pump was switched on and the foreline evacuated* 
Then the water necessary to cool the diffusion pump was circu­
lated and subsequently the diffusion pump was started*
After two cycles of the thermoregulator had passed and the 
temperature remained uniform, the foreline was closed from the 
mechanical pump and the roughing line opened which allowed this 
pump to evacuate the bell Jar* The pumpdown from atmospheric 
pressure to 0*$ mm Hg required about 4 minutes* During this time 
liquid nitrogen was added to the cold trap of the diffusion pump 
to condense any gaseous gallium, acetylacetonate which would con­
taminate the diffusion pump oil* When the pressure reached 
0.5 m 1 Hg, the timing mechanism which consisted of a stop-watch 
calibrated for 60 minute cycles, was started* The roughing 
valve was closed when the pressure inside the bell jar reached
0.1 mm Hg and the foreline valve reopened to the mechanical pump* 
Then the high vacuum valve was opened allowing the diffusion 
pump to continue the pumpdown. In all, it took about 2 minutes 
to pump from 0.5 mm to 0.1 mm Hg and about another minute to
is
reach X X 10 mm Hg after which the pressure dropped rapidly on 
the high vacuum discharge gauge*
After an appropriate period of time, the run was stopped by 
closing the high vacuum valve and the time recorded when the bell 
jar was vented to the atmosphere, when the internal pressure of 
the bell jar reached full atmospheric pressure, it was lifted 
from the baseplate- and the cells were removed and placed In a 
desiccator jar to allow them to cool to room temperature* the 
diffusion pump was turned off at this time and required about an 
hour to cool to room temperature at which time the entire system 
could be vented and the cold trap removed and cleaned*
the cells, when equilibrated to room temperature* were 
weighed again to 0*1 milligram and their weight losses det«r- 
mined* If a sufficient amount of compound was left the cells 
were used again in the next run*
It must be mentioned that during those runs made at tempera­
tures above 140°€ the procedure differed from the above in one 
respect* Due to accidental breakage, the theraoregulator method 
could no longer be used to regulate the temperature of the run* 
the subsequent heating and cooling of the block to keep the 
temperature uniform became a mechanical operation for the ob­
server. the runs were thus made at shorter durations and as 
temperatures increased to 160°C and above, condensation of the 
gallium acetylacetonate vapor on the top of the bell jar im­
paired observation- of the thermometer whereupon the run would of 
necessity be ended when the level of mercury in the thermometer
19
could no longer be distinguished. At temperatures above 170°C, 
rune could not be made beyond a fee minutes as the vapor pressure* 
nom above 1.0 mm Hg, was high enough to cause considerable conden­
sation on the inside wall of the bell Jar during that time and it 
became Impossible to control the temperature of the run, thus 
170°C became the maximum limit for the experimental runs due to 
the extremely short durations of runs that could be made at higher 
temperatures and also because at vapor pressures above 1.0 mm Hg, 
the data from Knudcen effusion technique is not reliable.
RESULTS AND DISCUSSION
the results of the vapor pressure determinations for the 
three samples from the experimental data are given in tables 2 
through 4 along with the temperature, cell used, mass loss and 
the duration of the run* Because of the variations in molecular 
weight reported by investigators(13 b  it was decided that molec* 
ular weight of 367 calculated from should be used
for ga11i%m acetylacetonate in the formula from which the vapor 
pressures were obtained* The logarithms of the vapor pressures 
for each sample are plotted versus the reciprocal of the tem­
perature in figure 4 where each point represents an average for 
two or more cells of the vapor pressures determined for that 
sample at that temperature.
An earlier work(11) reports that irreproducibillty of about 
10% should be expected in vapor pressure measurements with single 
Knudsen cells, letter reproducibility was expected in this 
multiple Knudsen cell effusion technique because of the uniform 
heat distribution throughout the aluminum block and in actuality, 
average deviations in vapor pressures of less than 10% are pre­
dominant. On the whole, the vapor pressures from samples IX and 
1X1 agree much more favorably than that from sample 1 and this 
might result from the fact that only one cell with the smaller 
orifice was used per run for sample X while two cells were used 
for the other samples, one with a large and the other a small
20
nTABLE 2.
DATA FOR VAPORIZATION OF GALLIUM ACBTYLACBTONATB
SAMPLE I
Temp.
°K
Cell
Mass
Loss
mo#
Time
min.
Pres.
mm Mg 
X io~2
Av. P 
mm Hg 
X IQ-2
% Av. 
Dev.
373.2 C 0.2 120 0*06 0.20 70.0
C 0.9 120 0.34
378.2 C 2.7 135 0.56 0.44 26.4
C 0.7 60 0.31
383.2 C 1.0 60 0.45 0.6 8 33.1
C 3.4 100 0.90
388.2 c 3.5 120 0.82 0.86 24.6
3.2 100 0.90
393.2 A 6*3 120 1.48 1.52 2.4
C 3.2 60 1.52
C 8.1 122 1*59
398.2 C 5.7 60 2.73 2.72 0.6
c 11.2 120 2.70
403.2 A 18.7 120 4.10 3.67 10.7
A 16.3 121 3.83
C 6.4 60 3.08
408. 2 A 19.4 120 4.63 5.74 19.3
C 14.1 60 6.85
413.2 c 17.7 60 8.65 9.21 6.1
c 20.0 60 9.77
418.2 A 24.7 45 15.82 16*05 1.4
c 33.1 60 16.28
423.2 A 28.7 30 27.94 26.47 5.7
A 25.6 30 24.91
428.2 A 44.1 30 43.19 43.74 1.3
A 45.2 30 44.28
aa
TAELS 2* (continued)
Temp.
°K
Qall
Mass
Lose
........ .
Time
ain.
Free., 
am Hg_ 
X io~2
AV. f"' 
am Hg 
X 10“2
% Ave.
_ hsl\u_
433.2 A 46.5 20 68.71 64.56 6.
A 61 * 4 30 60.46
438.2 A 86.1 25 102.36 97.00 5.
A §8.8 32 §1.65
443. 2 A *8.8 15 157.05 157.05
TABLE 3.
BATA FOE VAPORIZATION OF GALLIUM ACBTYLACBTONATB
SAMPLE II
Temp*OffIV Cell
Mass
LOSS
..- BKI,...
Time
min.
Pres, 
mm Hg 
X 1G~2
Av. P 
mm Hg 
X 10*"2
% Av. 
Dev.
373.2 A 0.6 70 0.23 0*23 7.2
D 3.7 70 0.26
D 5,0 120 0.21
378.2 A 1.8 120 0,42 0.45 6*1
A 0.9 60 0.42
B 13 .1 135 0.49
B 10.8 120 0.46
383.2 A 2.3 100 0.62 0*66 9.1
A 1.3 60 0.58
B 14.5 100 0.74
D 8.1 60 0*70
388.2 A 3.2 100 0*88 1.08 9.0
B 12.8 60 1.11
0 22.6 100 1,17
0 26,7 120 1*15
393.2 B 21,1 60 1.85 1.86 8.1
E 7.2 120 1.64
P 50.6 120 2.08
398.2 A 6.0 60 2,83 3.08 6.9
D 36.5 60 3.21
E 12.8 122 2.90
F 66299 122 2.71
P 78209 120 3.21
403.2 C 25 50 121 5.97 3.30 8.9
B 62.4 60 5.56
B 116.1 121 5.14
B 20.7 120 4.51
E 16.4 120 3.82
408.2 A 11.5 60 5.48 7.29 16.6
D 92.3 60 8.26
P 194.7 120 8.14
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TABLE 3. (Continued)
Temp.
&K Cell
Mas®
Loss
.aa... .
Tift#
ftift.
F*«S.
iftft 'WS'_
- l i l t
Av. P 
ftft Ha
X 20~2
% Av. 
Dev.
413.2 A 22.4 60 10.86 12.07 20.0
D 147.2 60 13.28
418.2 A 32.7 60 15.32 17.53 8*4
t> 209.8 60 19.04
F 142.2 45 18.23
423.2 A 28.7 30 27.94 29.60 3.7
© 163.9 30 29.93
E 34.1 30 30.92
428.2 E 56.0 30 51.06 48.93 4.3
E 49.4 30 45.26
F 281.8 30 48.37
F 297.0 30 51.03
433.2 E 92.9 30 89.94 78.21 10.9
fr 483.3 30 83.48
F 344.3 25 71.77
F 262.2 20 67.66
438. 2 B 97.8 25 114.27 105.22 8.7
F 590.0 32 95.97
443.2 E 94.9 15 185.87 153.80 20.8
F 348.4 15 121.73
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%ABLE 4
DATA FOR VAPORIZATION OP GALLIUM ACBTYLACBTONATE
SAMPLE III
Tgmp Cell
Mass
Loss
ma.
Time
mim.
pfes. 
mm Hg0 
X 10~2
. Av. P
mm Ha 
X 10“2
SB Av. 
Dev.
373.2 P 3.7 70 0.24 0.22 9.2
F 5*2 120 O.20
378.2 E 2.3 220 0.52 0.45 10.5
P 4.9 60 0.38
F 13.6 135 0*48
F 20.9 120 0.43
383. 2 E 2 .4 60 0*62 0.65 5.1
S 2.2 200 0.58
E 2.9 220 0*64
F 8.2 60 0.66
F 24.2 200 0.68
F 27.6 220 0*70
388.2 E 2.9 60 0.86 1.04 9.4
E 4.3 120 0.99
F 23.2 60 2.07
F 23.5 200 1.15
F 27*9 220 2*13
393.2 G 9.0 220 2.13 1.98 5*0
D 44.7 120 2*96
S 4.4 60 2.02
F 22.8 60 2*79
398.2 C 23*4 120 3.22 3.10 2.5
0 68.4 120 3.03
F 37.2 60 3.06
403.2 C 20.6 220 4.59 5.04 6.5
0 228*0 220 5. 25
E 23.2 221 5.34
E 20.0 60 4.66
F 64.4 60 5.35
408.2 C 22.8 220 5*54 6.99 23.9
0 239.9 120 7.17
F 98.6 60 8.27
TABLE 4. {Continued)
ceil
Mass 
Loss 
.-JM*..
Time
min.
Pres.
im Ho 
X 10 1
Av P 
sn Hg
X 10
% Av. 
Dev.
413.2 B 20.5 60 9.68 12.20 10.3
t 20.3 60 13.83
F 153.4 60 12.93
P 146.7 60 12.36
418. 2 D 137.2 45 26.60 16*74 8.8
E 30.9 60 14.67
F 223.4 60 18.96
423.2 D 16 4.0 30 29.93 30.64 1.5
E 30.9 30 32.28
F 179.7 30 30.68
428.2 C 43.7 30 43.53 48.93 5.5
C 53.9 30 53.74
D 266.5 30 48.98
B 268.9 30 49.46
433, 2 C 43.4 20 68.24 69.82 2.7
c 72.8 30 72.97
0 243.8 20 67.39
0 381.3 30 70.48
438.2 C 0*>s JH 25 103.43 9S.90 3.4
c 98.9 32 93*3$
0 429.3 25 95.77
0 522.9 32 91.03
443.2 C 85.0 15 172.38 152.55 13.2
0 333.1 15 132.06
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 ^ Similarly, heats of sublimation for the two mixtures, samples 
I and III, were found to be 31*32 t .22 and 30.40 £ .06 kcals/mole 
respectively. Again it is shown that separate measurements of 
Khudsen cell effusion in a single cell* being the technique used 
with sample 1, lead to higher deviations than multiple effusions 
through different orifices during a single run. Since the value 
for sample III is the lowest and even with the inclusion of the 
Increment values, does not overlap the value for sample II, then 
one would suspect the orthorhombic crystals present in sample 
III and absent from sample II to have a lower vapor pressure than 
the monoclinic form. However, because of the predominant pres* 
enee of the monoclinic crystals in sample 111# no conclusive 
results concerning the vapor pressure of the orthorhombic cry®* 
talline form of the metal chelate can be reported from this work.
The change in free energy, AO, and the change in entropy, 
AS, for the monoclinic form of gallium aceiylaeetooate at 25°C 
can be calculated assuming its heat of sublimation to be constant 
over this temperature range at the value 30.60 kcals/mole. The 
calculation is made from the equation AG « -RT In P (in atm.), 
knowing the equilibrium pressure at 25°C (T » 298.2°K). Using 
the method of least squares to determine the intercept of the 
line in Figure 3 much in the same manner as the slope is deter­
mined, we find the values of the intercept and slope to be 
192846 and -6.6881 respectively. The pressure at 25°C can now 
be calculated from the expression y « mx ♦ b where x is 
1000/298.2, m and b are the slope and intercept of the line and 
the value of y determined will be 4+log P. In this manner the
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m7 —10pressure is calculated to be 1*402 X 20* mm Hg or 1.845 X 10
atm. at 25°C giving a value for AQ Ofs -
*(l,987H298.2)(2.303H-9.73400) « ♦23,28 kcals/mole.
Hie change lit the entropy at 25°C is given by the following 
thermodynamic relationships
A S  s (AH - A0)/f 
Using the above values, AS is determined to be *58 cals/mole.
Xhe value reported for the heat of sublimation, that is 
30.40 * .07 kcals/mole, can be compared to the estimated value 
from frouton*s Rule if certain assumptions are made. Assuming 
that the range of the liquid phase for gallium acetylacetonate 
is comparable to the 80° range for chromium acetylacetonate, which 
has been reported in the literature(7), then the boiling point Is 
estimated to be about 275°C. Furthermore, it is estimated that 
the value of the heat of fusion would be 20% of the heat of 
vaporisation determined from fronton's Rule so that the estimated 
heat of sublimation was calculated to be 14.82 kcals/mole, this 
is slightly less than half the value reported in this paper.
One explanation of the higher heat of sublimation reported 
against that expected from consideration of Trouton's Rule is to 
question whether the pressure inside the bell jar is as low as 
the pressure measurements on the gauges inside the pumping system
indicate* Clearly if the pressure inside the bell jar was con-
3 4 -6siderably larger, say by a factor of 10. or 10 , than the 20
Bam Hg reported on the high vacuum gauge, then the system into
which the vapor effuses out of the cell cannot be considered a
vacuum. Surely, at the higher temperatures reported, the vapor
32
pressure of the seta! chelate would not be effected by such 
slight deviations, but it is In the lower temperature range when 
the vapor pressure is in the area-of lO*^ wm Hg that any consid­
erable pressure within the bell Jar would lower the rate at 
which the vapor effuses through the orifice and therefore lead 
to lower vapor pressure values* If the actual vapor pressures 
of gallium acetylacetonate are higher than the determined values 
at the lower temperatures reported in this work, then this would 
significantly decrease the slope of the line, in Figure 5, thus 
lowering the calculated heat of sublimation. Die observed 
linearity of the graphs would seem to indicate, however, that 
this is not the case*
It is hoped that further research concerning the thermody­
namics of gallium acetylacetonate will reveal more about this 
metal chelate. Die heat of formation for acetylenetone can be 
calculated and together with the values for the heats of com­
bustion and vaporization for gallium and acetylacetone, can be 
used to determine the heat of formation of gallium acetylace­
tonate in the vapor phase, dearly, to do so involves the 
determination of the heat of combustion for the solid compound 
and the use of the reported value for the heat of sublimation 
for the solid metal chelate. Research resulting from this 
theoretical heat of formation can lead to investigation of the 
bond strengths of the aetal-chelate bonds, for example, and to 
other areas of interest not as yet reported for the metal 
acetylacetonaies,
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